Human memory plays an important role in personal information management (PIM). Several scholars have noted that people refind information based on what they remember and it has been shown that people adapt their management strategies to compensate for the limitations of memory. Nevertheless, little is known about what people tend to remember about their personal information and how they use their memories to refind. The aim of this article is to increase our understanding of the role that memory plays in the process of refinding personal information. Concentrating on email re-finding, we report on a user study that investigates what attributes of email messages participants remember when trying to refind. We look at how the attributes change in different scenarios and examine the factors which impact on what is remembered. 
INTRODUCTION
As the amount of digital information people create and use has increased, a need has developed for tools to help with the management of personal information rather than relying simply on memory alone. The tools currently available to help people re-find previously stored information are mostly either searchbased, where the user can create queries based on attributes they can remember, or browse-based, where the user can manage their information objects by imposing their own organisation on the collection, for example, folders in an email client. However, despite these tools being created so that the users do not have to hold all of their information in their heads, it has been suggested that with both the searching and managing approaches, the load for successful recovery of information remains on the user's memory . To conduct a successful search on a query-based system such as Google desktop, for example, a user must remember sufficient details about the information they want to retrieve in order to form a query. Studies of recollection for texts and stories, however, indicate that people are not good at remembering precise details. Instead what tends to be remembered are high-level meanings or gists [Sachs 1967; Clark and Clark 1977; Rubin 1977] . The findings of these studies suggest that people would not be adept at remembering terms in a document, the subject of an email etc.-the kind of recollections required to construct queries.
The major alternatives to query-based systems are browse-based systems in which a user looks through information objects in order to find the objects they want. Browsing systems either show users all of the objects available, limiting the approach to relatively small data sets, or force a classification on the objects such as colour distribution for images [Heesch and Rüger 2004] , concepts for documents [Yang 1994 ], etc. Similarly, information management tools force a classification on users, either by automatically classifying objects, as in text categorisation systems [Hayes et al. 1990 ], or by forcing users to classify objects, usually in some form of hierarchical system [Malone 1983 ]. For example, photographs and music are generally organised in albums and possibly further subcategorized by artist, date, genre, etc. Operating systems manage applications and files in a hierarchical system of folders, email tools provide facilities to group messages hierarchically, and standard Web page bookmarking features are hierarchical. Despite their popularity, hierarchical systems have been shown to have problems. Malone's study of natural office behavior demonstrated that they are cognitively challenging and that users are reluctant to use them either because they cannot decide how to categorize an item, or because they are not confident in their ability to recollect at a later date how an item was categorized [Malone 1983 ]. Similar behavior has been observed with digital documents [Boardman et al. 2003 ] and email messages [Whittaker and Sidner 1996] . Recently, systems that allow the user to attach semantic keywords or "tags" to documents have been proposed as a potential solution to the limitations of browsing systems [Cutrell et al. 2006] , as have faceted-browsing systems [Yee et al. 2003; Schraefel et al. 2005] . We have also seen the development of hybrid systems that merge the interaction modes of browsing and searching. However, much has still to be learned about the benefits of these systems in a PIM context, how they are used in practice and, indeed, how they support the memory of the user.
The limitations of existing Personal Information Management (PIM) tools and growing quantities of personal information combine to motivate our work. In particular, we are interested in the role that human memory plays in the management of personal information. In PIM people try to obtain information based on the features of an object that they can recall [Capra and PerezQuinones 2005] . Therefore, to improve the utility of PIM tools, we believe that what is needed is a greater understanding of what people can remember and how tools can be designed to better support these memories.
This article investigates the role that human memory plays in email refinding. It reports on some of the findings of a user study that was designed to 
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investigate what people remember when they refind email messages and how different kinds of systems support these recollections. The focus of this article is on the recollection data, which are analyzed in two steps. First, the data are examined to determine which attributes of email messages the participants remember and how these change in scenarios that should have an effect according to previous research. Second, the data are analyzed statistically to discover which factors influenced the attributes that were remembered. By examining memory in this way we show what kinds of information people have available to help them search-the kinds of information that refinding tools should support.
The remainder of the article is structured as follows: Section 2 provides the relevant background literature; Section 3 outlines the methodology employed and the technique used to examine what the participants remembered. Section 4 presents the recollection data. Section 5 examines these data statistically to determine the factors influencing what the participants remembered. In Sections 6 and 7 we outline the limitations of the study and discuss the findings. Finally, our conclusions are presented in Section 8 set against the context of future work.
RELATED WORK
This section describes the background literature for the primary themes of this article. Section 2.1 motivates the examination of memory in email refinding. It introduces the problem of email management and summarises previous work in this area; Section 2.2 presents work that has related memory and PIM; and Section 2.3 presents findings from the field of cognitive psychology that warrant further investigation in a PIM context.
Email Management
Although email originated as an asynchronous communication tool that allowed text-based messages to be sent between users, recent research has confirmed that email is used for a variety of purposes. It has been shown that email is used for collaborative working [Ducheneaut and Bellotti 2001] and data archiving [Mackay 1988; Whittaker and Sidner 1996; Bälter 2000] , as well as the management of tasks [Whittaker and Sidner 1996] and personal contacts [Whittaker et al. 2002] . Therefore, rather than deleting email messages as they are received and read, users tend to keep their messages for future purposes, and, consequently, many users have collections consisting of thousands of messages [Whittaker and Sidner 1996] . Studies have also revealed differences in the strategies used to organize personal email collections. For example, Mackay [1988] distinguished between "prioritizers," who organize their messages in such a way that they can give priority to messages that require attention, and "archivers," who are mainly concerned with keeping information in case of future need. Whittaker and Sidner [1996] identified three user strategies based on the use of folders and the frequency with which the collection is maintained. Some users (no-filers) make no use of folders and instead leave all of their messages in the inbox; other users (frequent filers) use folders as a means of placing an organisation on the collection and make efforts to regularly sort messages in their inbox into appropriate folders; and a final group of users (spring-cleaners) also make use of folders, but only clean up their inbox periodically. The evidence suggests that there is a tension between the way people organise their messages for the different email activities described above. For example, when using email for task management purposes, a common strategy is to leave an email message in the inbox to act as a reminder to perform a particular task [Mackay 1988; Whittaker and Sidner 1996] . This strategy may be less successful for no-filers who will have lots of messages in the inbox, or may hinder refinding attempts of "filers" who normally files messages into folders. All of these factors-large inboxes with thousands of messages, multiple uses of email, multiple and conflicting filing strategies-combine to place a huge burden on the user's memory when refinding. This makes email a particularly important medium to study with respect to our research aims.
Memory and PIM
Previous research has shown the role of memory in PIM to be nontrivial. For example, Lansdale [1988] described office organizational problems as problems of categorization, recognition, and recollection; Case [1991] proposed that memory and metaphor impact the way historians manage their resources; and Carroll [1982] demonstrated that simple eight-character file names can trigger a detailed recollection of a file's content. It has also been observed that memory problems and the limitations of human memory hinder PIM [Jones et al. 2005; Czerwinski and Horvitz 2002; .
Consequently, many groups have attempted to design systems that support known characteristics of memory. For example, the systems designed by Freeman and Gelernter [1996] and Ringel et al. [2003] , amongst others, attempt to leverage episodic memories and the fact that events are framed temporally with respect to the times of other events; the systems designed by Kaptelinin [2003] and Jones et al. [2005] exploit strong human abilities to relate information objects to contexts in which they were created or used; the Placeless Documents system [Dourish et al. 2000] exploits the fact that attributes of documents may be remembered better than their storage location, and the systems designed by Dumais et al. [2003] and Cutrell et al. [2006] exploit the fact that people usually find it easier to recognize than to remember. All of these projects are credible attempts to leverage psychological research to improve PIM tools. However, each group interprets memory research slightly differently, focusing on specific findings. There is little evidence in the psychology literature that suggests utilising one type of memory over another in the context of refinding information, for example, to exploit temporal memories rather than semantic memories or vice versa. There is, however, some evidence from PIM studies that reveal clues about memory in the context of PIM. For example, the finding that users prefer to locate their documents spatially rather than using keyword search [Barreau and Nardi 1995] suggests that spatial memory can be useful for refinding. There is also evidence that spatial memory can be better exploited when the document space is three-dimensional [Robertson et al. 1998 ]. However, Jones and Dumais [1986] warn against overreliance on a spatial organization. Their findings indicate that semantic labels provide stronger retrieval cues than spatial organization alone, although combinations of semantic and spatial organization can enhance performance. Lansdale and Simpson [1990] extended this finding by discovering that semantic and spatial cues are enhanced when the users select the cues themselves, rather than having them selected by an external party. There is also evidence in the PIM literature for the utility of temporal and episodic memories. Ringel et al. [2003] discovered that people can relate documents to events that happened around the time that the documents were created or used and that this can be utilized when refinding. Further, examining the interaction log files of refinding tools shows that users often remember that documents are connected to particular people and use these memories when creating refinding queries Cutrell et al. 2006] .
While these studies are useful and add to our knowledge of the role that memory plays in PIM, the findings relate to specific tools and do not report concretely on what people actually remember. Therefore, they do not provide sufficient evidence to advocate supporting one particular feature of memory over another in PIM tools. We argue that in order to discover how best to design refinding tools and to determine which attributes of memory to support, there is a need to understand the kinds of attributes people remember when they are trying to refind irrespective of the tool that they are using. This is the approach taken by both Gonçalves and Jorge [2004] and Blanc-Brude and Scapin [2007] . Gonçalves and Jorge [2004] asked participants to tell stories about three of their personal documents by describing each, from memory, in terms of its features, its content, and the context in which it was created or used. It was discovered that time, location, and purpose of the document were the most common attributes used in stories. Similarly, Blanc-Brude and Scapin [2007] used semi-structured interviews to examine participants' recollection of their documents. They found that location, format, time, keywords and associated events were remembered most frequently, but many of these attributes, particularly keywords, time and location were often only partially remembered or the recollections offered by the participants were incorrect. We believe that these studies provide a good starting point for investigating the role of memory in PIM, but what they provide is a very general snapshot of the attributes that the participants remembered. It seems likely to us that people will remember different types of documents in different ways because different types of document (e.g., email messages, photographs, spreadsheets, Web pages, and word processing documents) are created or attained in different ways and are used for different purposes. Therefore, we decided to narrow the scope of our study by focusing on one type of document-email messages. Further, the psychology literature suggests that the attributes that people remember will not always be the same and will be influenced by a number of contextual factors. The following section provides a short review of relevant psychology literature that motivates investigating how particular factors affect what people remember about the information they are trying to find. 
The Factors That May Influence Memory in PIM
The user study presented in this article investigates the changes in what the participants remember depending on 4 factors: -the time that had elapsed since the user last accessed the information -the type of task being performed -the type of user performing the task -the filing strategy the user applies.
In the following, we outline previous research that motivates examining these factors.
2.3.1 Time. The transient nature of memory is well established. Ebbinghaus [1885] was perhaps the first to recognise that the quality of encoded memories degrades with time, but this has been confirmed by other scholars for different types of memory [Rubin and Wenzel 1996; Thompson et al. 1996] . There is also an abundance of discussion in the literature about episodic memory-a separate memory system that stores information as episodes. Episodes include information such as the location of an event, who was present, and what occurred before, during, and after the event [Tulving 1983 ]. Other research has demonstrated the temporal encoding of information. For example, Brown et al. [1985] found that people are good at dating events, but subsequent research explained that these abilities rely on mnemonic strategies such as framing events in the context of other events, either historic or autobiographical [Huttenlocher and Prohaska 1997] , which may or may not be possible within PIM. Therefore, although psychological evidence relating to temporal memories is relevant and potentially useful to the design of PIM systems, it is not entirely clear what these findings mean in the context of PIM. Before designing an email refinding system based on the findings, it is important to discover if people actually do remember when emails were sent or indeed if what they remember changes as time goes by. 2.3.2 Task. In addition to a separate store for temporal memories, psychologists have proposed that different systems exist for episodic, semantic and procedural memories and these distinctions have been endorsed by neuroimaging analysis [Cohen 2004 ]. Other research indicates that memories can be organised in different ways, and information can be encoded visually [Kosslyn 1981 ], spatially [Kerr 1983 ], acoustically [Baddeley 1966 ], semantically [Grossman and Eagle 1970] and temporally [Brown et al. 1985] . The fact that memories can be created and stored in different ways suggests that it is plausible that information objects processed and used in different contexts will be remembered differently. Therefore, different attributes of email messages may be remembered in different situations and if this is true, various types of tasks, such as those proposed by , may require particular kinds of tool support. Before tools are developed to assist with these tasks it would be useful to establish if different types of tasks are associated with specific remembered attributes.
• 21:7 2.3.3 Type of User. Psychology research also indicates that personalisation and self-reference can improve the quality of memories [Eysenck 1992; Rogers et al. 1977] . Further, previous experiences and knowledge have been shown to change the way memories are created and the later retrieved [D'Andrade 1995] . These findings suggest that different groups of users, each with different types of knowledge and personal experiences, may remember different attributes about their emails. If this is the case, different groups of users may benefit from different types of tools support, based on what they remember. Our study findings are analyzed to determine if this is the case.
2.3.4
The User's Filing Strategy. The final factor to be investigated is how the email filing strategy applied by the user impacts on what is remembered about email messages. As noted above, Whittaker and Sidner [1996] observed three different email filing behaviors: no-filers, frequent filers, and springcleaners.
The psychology literature suggests that employing a filing strategy should increase what people remember about their information. For example, people remember lists of words better when there is some kind of organization imposed on the words [Bower et al. 1969] , particularly when the organization is devised by the person themselves [Wittrock and Carter 1975] . Further, according to the work of Craik and Lockhart [1972] , the cognitive processing involved in filing would improve the user's memory of filed emails by increasing the quality of the encoding process. Nevertheless, another school of thought exists that suggests that the opposite effect would be true. Mander et al. [1992] proposed that people who do not file may need to interact with their information objects more often because they are forced to browse their collection in order to refind. Mander suggests that this increased interaction with personal objects would facilitate an improved awareness of the information within a collection because it would mean interacting with emails that filers would not see again after filing. Consequently, by applying a nonfiling strategy, Mander suggests that the user will actually remember more about the contents of their information collection. With respect to our aim of understanding the role of memory in PIM, this is an interesting argument. We examine the data collected to determine if there is any evidence supporting either case.
This section has presented the appropriate background literature for our work and motivated the study of memory in email refinding. We have underlined the importance of human memory to PIM and proposed that a better understanding of what people remember may lead to the design of improved PIM tools. We have also presented findings from the field of psychology that we believe may impact on what people remember in a PIM context. The aim of this article is to investigate how these factors affect what people remember when refinding email messages and interpret what this means in terms of how PIM tools should be designed. To achieve our aim we analyzed the recollections participants had while taking part in a controlled user study of email refinding behaviour. The following section outlines the methodology employed. 
METHODOLOGY
We conducted a user study which examined the participants' recollections while they performed email refinding tasks using three experimental systems: a browse-based system similar to the folder-based interface from Mozilla Thunderbird, 1 a search-based interface similar to the search-based interface in the same Mozilla Thunderbird email client, and a third interface which was designed specifically to support memory based on previous investigatory work. The third interface offered the user a more visual form of interaction based on thumbnail images of the sender of messages and provided a means of interaction that was a mixture of browsing and searching. As the focus of this article is not on evaluating the performance of the systems used, but purely on the recollection data which were not influenced by the systems, 2 we omit specific details on the interface designs.
The difficulties involved in performing controlled studies of refinding behavior are well documented [Boardman 2004; Capra and Perez-Quinones 2006; Kelly and Teevan 2007] . These include sourcing collections, creating experimental tasks, balancing the experimental design, and protecting the privacy of users. The methodology we employed to overcome these challenges was that proposed by , which allows the behavior and performance of the participants to be evaluated while they complete realistic refinding tasks, on real (their own) collections, in the controlled environment of the laboratory. To generate personalised search tasks that can be performed on individual participants' collections, recommend that studies should be performed in two stages. The first stage involves conducting a diary-based study where a larger number of participants record details of the refinding tasks that they are required to perform as they go about their normal daily activities. The tasks recorded and the details supplied about these tasks provide enough information that enables the experimenter to devise a set of experimental tasks that can be completed by the participants using their own personal collections. The final evaluation is then performed in a second stage with a subset of the original participants who volunteer to continue with their participation.
In the first phase of our empirical work, 34 participants, consisting of 16 postgraduate students and 18 undergraduate students, recorded details about 150 email tasks as they were completed over a period of approximately 3 weeks. Previous work has shown that people perform three kinds of email refinding tasks: lookup tasks that involve finding specific information from within an email, item tasks where a single email is required, and multi-item tasks where information needs to be recovered from multiple emails . Following the guidelines provided by , we found patterns in the recorded tasks to learn about the activities that the 1 available from http://www.mozilla.com/en-US/thunderbird/. 2 Chi-squared tests for association show that the re-finding system used had no influence (statistical significance was considered at p < 0.05) on the recollection of the four principal attributes: "when sent"(Chi-Sq = 1.0, DF = 2, p = 0.61), "sender" (Chi-Sq = 0.9, DF = 2, p = 0.65), "topic" (Chi-Sq = 5.0, DF = 2, p = 0.08) and "reason sent" (Chi-Sq = 4.3, DF = 2, p = 0.12). participants used email for and established overlap between the participants. For example, participants in both groups recorded tasks relating to classes that they were taking at the time and often different participants recorded tasks that involved searching for the same information. This was useful because it provided us with a clue that even though some of the participants did not record a particular task, it was possible that the task may still be applicable to their collections. Other patterns revealed included the discovery that students within the same group often searched for emails containing announcements from the same source. For example, several undergraduate students recorded tasks that included re-finding information relating to job vacancies. There were also tasks that were recorded by participants in both groups. For example, searching for an email that would re-confirm the pin code required to access the computer labs.
To supplement our knowledge of the participants' email collections, we asked 2 participants from each group to provide email tours. These consisted of short 5-10-minute sessions, where participants were asked to explain why they use email, who sends them email, and their organisational strategies. This approach has been used successfully in the past as a non-intrusive means to learn about how people store and maintain their personal information [Kwasnik 1989 ]. Again, patterns emerged that helped with task creation. We found content overlap within and between groups that confirmed many of our observations from the diary study data. For example, the students who gave tours revealed that they received emails from lecturers for particular class assignments, receipts for completed assignments, and various announcements from systems support and about job vacancies. Importantly, the participants were also able to confirm which other students had received the same information. This confirmed that many of the tasks recorded during the diary study were applicable, not only to the recorder, but to every participant in one or both groups.
We used our acquired knowledge about how the participants used email to create a set of experimental tasks for each group of participants that included tasks of the three types outlined above. We also created a set of tasks for a third group of participants that consisted of research and academic staff members from the Department of Computer and Information Sciences at the University of Strathclyde who volunteered after receiving an email invitation to participate in the study. We created tasks for this third group of participants based on emails that were sent out to every staff member in our department. This task creation technique has been used successfully in the past to study email refinding behavior [Ringel et al. 2003 ]. There was no need to include participants from the researchers group in the earlier task analysis phase, as we had previously learned about the tasks this group of participants perform in a previous study . Where possible we used the information recorded in the diary study descriptions to provide a context for the tasks that we created, that is, a work task or motivation that would require the task to be performed. The task pools for each group of users can be found in Appendix A in the online appendix available in the ACM Digital Library. The pools consisted of a mixture of tasks. Some tasks, for example, task B6 were applicable only to other participants in the same group, while others, such as task A1, were applicable to all three groups. Nevertheless, overall, the (median) 106 ( tasks in the three pools reflect the email usage patterns of three different user groups.
Participants
In the second phase, which started three weeks after the task recording diary study had completed, 21 participants were evaluated using their university email accounts. There were 7 participants from each of the three groups described above (undergraduate students, postgraduate students, and research staff). With the exception of the researcher group, each of the participants volunteered after completing the earlier task collection phase. We structured the experiment around the user groups because of the differences between the email behaviors exhibited between the groups. The three groups of participants were very different. They had different numbers of email messages, used email for different purposes, and had different levels of experience with using email. The properties of the participant groups are shown in Table I .
The postgraduate group had not been enrolled at university for long and therefore had very few email messages. Similarly, the undergraduate group had low numbers of messages. This was because even though the undergraduates were recruited from the 3rd and 4th academic years and had been using their accounts for some time, the accounts had only recently been upgraded to the IMAP standard (where messages are left on the server). The undergraduate participants did have on average more emails than the postgraduate students. However, the difference in collection sizes between the two groups was not significant. Participants in the researcher group, on the other hand, had significantly more emails than both the postgraduate and undergraduate participants.
Many of the postgraduate students came from non-computer science backgrounds and had low levels of computer literacy, including limited experience with email. This was evident during the evaluation. From informal interviews it was discovered that the participants in this group generally used email for class announcements and reported that they had less need to refind information. The undergraduate students were recruited from 3rd and 4th year classes, and therefore had much more experience with computers and using email. The main uses of their departmental email for the undergraduate participants were class announcements, university related task management, collaborative work, and social communication with university colleagues. Nearly all of the participants remarked that they also had other email accounts that they used for personal and nonuniversity purposes. The participants from the researchers group were also very experienced email users, had been using their accounts for longer periods of time and therefore had large numbers of messages, used email as a way to manage their activities and their documents and as a result they reported having to refind information often.
A pre-study questionnaire asked the participants to rate their experience with using email browsing and search facilities to refind emails. The participants answered on a scale from 1 to 5, where 1 meant no experience, 2 meant limited experience, 3 meant average experience, 4 meant reasonably experienced, and 5 meant very experienced. The questionnaire data show that the postgraduate participants had significantly less experience with email refinding than the other groups. However, there was no evidence to suggest a difference in the experience levels between the participants in the undergraduate or the researcher groups.
The undergraduate participants received and kept the fewest emails of the groups. This was significantly fewer than the postgraduate group and the researcher group. Further investigation explained this by revealing that the undergraduate participants tended to exert more effort in collection maintenance than the other groups. The researchers received and kept the most emails of the three groups. However, all three groups in our study processed considerably lower quantities of messages than reported in other studies. For example, Fisher et al. [2006] , Whittaker and Sidner [1996] , and Mackay [1988] all found that their participants received between 40 and 60 emails per day. The differences can be partially explained by the way the figures were calculated. Both Mackay [1988] and Whittaker and Sidner [1996] asked participants to estimate the volumes of email they receive. We, on the other hand, calculated our figures based on the collections themselves by dividing the total number of messages by the total number of days passed since the date of the oldest email. Therefore our figures do not include any emails that were deleted, but do include holidays and weekends where the volume of email would likely have been much lower. Although we feel that the method of calculation accounts for some of the differences, it is fair to say that overall, our population had different characteristics to those of previous studies. We discuss this further in Section 6.
To summarize, the three groups of participants in our study had very different characteristics. The postgraduates had low expertise and few messages and used email as a simple communication tool. The undergraduates had high expertise and few messages and used email for keeping track of class assignments and other university related tasks. Finally, the researchers had high expertise and lots of messages, but used their email for many purposes including managing content, scheduling, and task management.
Tasks
The tasks used in the evaluation were taken from the pools created in the first stage of the experiment. Each participant performed 9 tasks, with 3 tasks (1 lookup, 1 item, and 1 multi-item) being performed on each of the three Before completing each task the participants answered questions about the task, including how clear they felt the task description was and how difficult they perceived the task to be. Both questions were answered on a scale from 1 to 5. The tasks were mostly rated as very clear (median = 5, IQR = 0 3 ) showing that the descriptions of tasks were understood, but there was a good mix of task difficulties (median = 2, IQR = 1). Some of the tasks were perceived to be quite easy, while others were considered challenging. Similar ratings were applied across the different user groups and filing groups.
To determine how the recollection data changed over time, before each task we asked participants to specify roughly how long it had been since they last accessed the information the task required them to refind. Participants could choose between the following options: In the last day, in the last week, in the last month, in the last year, or over a year. To simplify the data analysis process and to align our work with previous PIM research, the scale was simplified to the temperature metaphor proposed by Sellen and Harper [2003] . Tasks that required information accessed in the last day or week were classified as hot, tasks that required information accessed in the last month were classified as warm, and tasks requiring information last accessed over a month ago were classified as cold.
Of the 189 performed tasks, 45 were hot, 45 were warm and 60 were cold. The remainder of the tasks (mainly multi-item tasks) were classified as a temperature range, that is, different pieces of the sought-after information had been accessed more recently than others. Thus, although the way tasks were created and issued meant that we only had limited control over the temperature of the tasks, the issued tasks represented a reasonably balanced mix across the temperature range. The tasks were also balanced across the groups. See Table II .
Examining Recollections
We examined the participants' memories for each task at two levels. First, we investigated how able the participants were to remember if the information they needed was actually contained within their collections. Before each task was performed the participant was asked if he believed the information needed to solve the task was stored within his collection. The participant could answer yes, no, or not sure. This allowed us to determine at a high level the quality of the memory the users had for the information they were required to find and also their confidence in their recollection. Second, we examined the participants' recollections in greater detail by employing a memory questionnaire. This is a technique that has been used often in the field of cognitive psychology to examine memory (see Herrmann [1982] for a review). After each task, the participant was questioned on what they were able to remember about the information they had just looked for, that is, the information they had available to help them with the search. Firstly, the participants were asked about four attributes common to every email. They were asked if, before completing the task, they correctly remembered: -Roughly when the email was sent -The sender of the email -What the email was about (we were interested in the topic of the email, not the exact syntax of the subject line) -The reason why the email was sent.
Secondly, the participants were asked if they remembered four attributes that are only applicable to some emails. We refer to these as additional attributes. The participants were asked if, before completing the task, they correctly remembered: To clarify, these questions related to what the participants remembered before completing the task, that is, information that could have been used to guide their refinding strategy. Naturally, there were differences in the quality of recollections for the various attributes. However, we used the rule of thumb that for the recollection to count it had to be potentially useful to the refinding task. For example, remembering that an email was sent on "Tuesday 23rd January because it is my birthday" is different from remembering that "it was sent around Christmas time last year." Although, both of these recollections would be useful in a refinding context. A recollection such as "I remember that it must have been some time in the last 3 years" is less useful and would probably not have been counted. However, the decision of whether or not a recollection should count was taken by the experimenter based on the context of the task and on the information provided by the participant. It should be noted, however, that in the vast majority of cases it was clear whether or not the participant remembered a useful attribute.
We asked about recollections retrospectively to ensure that no bias was exerted on the participants' behavior while completing the tasks. There are advantages and disadvantages to employing this technique. We discuss these in Section 6.
The information collected was analyzed by establishing the percentages of tasks for which each attribute was remembered. Firstly, all of the tasks were analyzed to determine an overall picture of the participants' recollection for email messages. Then, the data were analyzed more closely by counting specific groups of tasks. This offered the opportunity to discover differences in the memories the participants had for different types of task, user and filing strategy.
MEMORY FOR EMAILS
The data collected are analyzed and presented in two stages. First, in this section, we analyse the attributes that were remembered generally, as well as those remembered in the four scenarios outlined in Section 2.3. We demonstrate how the remembered attributes changed in these situations and assert possible explanations for the changes. In a second step, in Section 5 we try to validate our assertions based on the data. We present statistical models created from the data that illustrate how much influence different factors had on the attributes that were remembered.
Were Participants Able to Remember if Collections Held the Information They Needed?
Before looking at the attributes that were remembered, we examined the data regarding whether or not the participants believed that the information needed to solve tasks was contained within their collections. Although this question was asked primarily to gauge the realism of the refinding tasks-people would not search a location for information if they did not believe it was there to find-the answers that the participants gave and the way they provided the answers revealed something about their recollections for the information we asked them to find. Overall, the data indicate that the participants were generally sure that the information that was required to solve the task was in their collections. In 159 (87.8%) of the 181 tasks, the participants were positive that the information required was contained within their collection. Only in 6 tasks (3.3%) were participants sure that the information was not contained within their collections and in 24 tasks (13.3%) they were unsure. As shown in Table III , this pattern was reasonably consistent across the groups of participants. This suggests, first, that the participants knew what information would help them complete the tasks and confirms that searching their email collections to find the information is a realistic scenario. Secondly, it suggests that participants have overall reasonably good recollections for the email messages that they receive and thirdly, that they seem to be confident in these recollections.
The following subsections examine what attributes the participants tended to remember and demonstrate how the recollected attributes change in the scenarios discussed in Section 2.3. Table IV shows the percentages of tasks for which participants remembered the various attributes. The percentages are given for the different types of task (lookup, item, and multi-item) and temperatures (hot, warm, and cold).
High-Level Recollections
The most frequently remembered attribute was the topic of the email, which was remembered in 85.1% of tasks. This was followed by the reason the email was sent (80.9%), the sender of the email (77.1%), and temporal information (57.5%). Other recipients were remembered in 46.8% of the tasks, links or URLs in 21.8% of the tasks, and attachments were remembered in 12.8% of the tasks. Images were reported as being remembered least often-only in 2.1% of the tasks did participants report remembering that the email contained an image. Nevertheless, it is likely that very few emails had attached images, and as there is no way of knowing what percentage of the tasks actually required the participants to retrieve emails containing images, links, or URLs, or attachments, it is difficult to determine the importance of these additional attributes. However, what can be said is that for some tasks, and in the case of other recipients, a fairly large percentage of tasks, the participants had access to these extra pieces of information to help them search. Further, because not all of the emails have the additional attributes, such recollections could be useful for refinding because of their discriminative power.
Overall, the data indicate that for most tasks the participants reported remembering quite a lot about the email(s) they were looking for. In the vast majority of tasks the participants remembered what the email was about, why it was sent, as well as who sent it. Additionally, for many tasks these recollections were supplemented with additional temporal information, information about other recipients of email, as well as other attributes. Figure 2 shows this graphically, presenting the number of attributes common to all email messages that were remembered for different types of task as a boxplot. The boxplots are top heavy, indicating that for all of the task types the number of remembered attributes was high. Another way of considering this data is that in 42.3% of tasks, the participants remembered all of the common attributes, in 74.1% of the tasks 3 or more were remembered and in 85.9% of tasks participants remembered 2 or more common attributes. Therefore, as participants refind based on what they can remember, the data suggest that for the majority of the assigned tasks, the participants had options regarding which attributes to use when refinding. 
Is There Evidence of Changing Recollection as Time Goes By?
In this section we present analyses of the recollection data to determine if the length of time between accessing and re-accessing the required email(s) influenced how much or the kinds of attributes that the participants remembered. Table IV shows that time seems to have influenced what was remembered. In six of the eight attributes, the attribute was remembered less often for cold tasks than for warm tasks. The only attributes not to follow this trend were the image and link or URL attributes. In the case of the image attribute, there is probably not enough data to form a good pattern because images were only reported as being remembered in 4 out of the 189 tasks.
The trend for most attributes was a highest percentage remembered for hot tasks, followed by a lower percentage for warm tasks, followed by a lower still percentage for cold tasks. This is confirmed in Figure 3 , which plots as a bar chart the percentages of tasks for which the various attributes were remembered. Figure 3 shows that the attributes were consistently remembered more often for hot tasks than for warm tasks and more often for warm tasks than for cold. Thus, the data suggest that recollections for email messages follow the same trends as recollection for other types of information, where over time there is a gradual degradation in memory.
Figure 3 also demonstrates that some attributes were more susceptible to forgetting over time than others. The temperature effect was most obvious on the sender attribute. In 95.6% of hot tasks the sender was remembered. This compares with 71.1% of warm tasks and only 56.7% of cold tasks. This means that as time goes by, participants are most likely to forget who sent an email. This finding suggests that re-finding tools should rely less on the sender attribute for older information. The common attribute least affected by forgetting over time was the reason sent attribute. For hot tasks the reason sent was remembered in 88.9% of tasks, slightly more often for warm tasks (91.1%) and slightly less often for cold tasks (81.7%). These results suggest that a filing system organized by reason or topic would support the refinding of older information more effectively than an organization based on the sender of the messages.
Did the Participants Remember Different Things for Different Types of Task?
This section analyzes the recollection data across the three types of task completed: lookup tasks, item tasks, and multi-item tasks. The data suggest that the participants remembered similar attributes for look-up and item tasks, but different attributes for multi-item tasks. This is shown graphically in Figure 4 , which shows the number of tasks for which the different attributes were remembered as a bar chart and how the percentages varied depending on the type of task being performed. The most commonly remembered attributes for lookup and item tasks were the reason the email was sent, the topic of the email, when the email was sent, and the sender of the email.
Multi-item searches had a different pattern of associated recollection. In multi-item tasks only three main attributes were commonly remembered: the sender of the email, the topic of the email and the reason the email was sent. One noticeable difference for multi-item tasks was that the participants had access to temporal memories less often (34.9%) than in the other categories of tasks (60.3% for look-up tasks and 58.7% for item tasks). This makes sense because in multi-item tasks participants were often looking for emails or information within emails that were received at different time periods. In multi-item tasks, almost all of the time (90.5% of tasks) the participants remembered the sender of the email(s) that they were looking for. This is compared to far lower percentages of item tasks (68.3%) and lookup tasks (57.1%). Further, despite the similarities in the attributes remembered for lookup and item tasks, the participants tended to remember the attributes less often for lookup tasks than they did for item tasks. Again, Figure 4 confirms this graphically. The changes between the recollections for the different types of tasks suggests that varying tool support may be required for different kinds of tasks.
Did Different Types of Users Remember Different Things?
In addition to examining the recollection data across different types of task, the data were analyzed more closely to determine whether patterns existed in the recollections of the different classifications of user. As discussed previously, our three categories of users-undergraduate students, postgraduate students, and researchers-used email for very different purposes, had different collection sizes and had been using their email accounts for different lengths of time. The data were analyzed to determine if these properties affected what was remembered for the email tasks performed in this email re-finding study. Table V shows the percentages of tasks for which the various attributes were remembered by the three user groups.
It is important to acknowledge that when analysing the recollected attributes for the three groups that although the participants performed equal amounts of lookup, item, and multi-item tasks, the tasks performed by the different groups were not the same. Nevertheless, the tasks each group performed reflected the real tasks recorded by this group of participants in the task collection phase. Therefore, by comparing the attributes remembered by different groups of users, what we may actually be comparing is the recollections with respect to the different types of task that people perform and the collections that they have.
The data revealed differences between the attributes that the three groups of participants remembered. The postgraduate and undergraduate participants remembered similar types of attributes, on average in the following order of frequency: topic of the email, the sender, the reason the email was sent and then temporal information. The researchers tended to remember different attributes. They remembered other recipients most often, followed by the reason and the sender of the email, the topic and temporal information.
The data indicate that the researchers seemed to have generally remembered less than the other groups. This is shown graphically in Figure 5 , which plots the percentages of tasks for which the various attributes were remembered as a bar chart. The fact that the researchers seemed to remember less about their emails is understandable considering that their collections were much larger than those of the participants in the other groups, suggesting that size of collection may effect what people remember. The only attribute that the researchers remembered more often than participants from the other groups was the "other recipient" attribute. This is very obvious in Figure 5 . A plausible explanation for this is that many of the emails they received revolved around groups of people. Previous work has noted that academics often think about research themes in terms of the people working in those areas and use people as an organisational thread to tie semantic themes together [Case 1991; . Interviews with the participants in this email study seem to confirm this theory. The main uses of email for participants in the research group were research, teaching and social activities, all of which revolved around groups. It was often the case that the researchers had specific mailing lists that correspond to their activities, for example, members of their research group, department, social groups, and groups of students taking a class. This is in contrast to the other groups who used their email account purely for emails that they felt applied to them.
The researchers' poorer overall recollection is particularly noticeable for hot tasks. Whereas for hot tasks the undergraduate and postgraduate participants almost always had access to the sender of the email, what the email they were looking for was about, and the reason it was sent, this was not the case for participants in the researchers group. For hot tasks, that is in a period of up to one week since last accessing the information, researchers were unable to remember the sender of the email in over 12% of tasks and unable to remember the topic of the email, the reason why the email was sent, and any temporal information in one third of tasks.
The researchers did perform more cold tasks than the other groups. However, this is unlikely to be the explanation for their poorer overall recollection. Even though cold tasks were generally associated with poorer recollections than hot and warm tasks, this was not the case for the participants in the researchers group. Figure 6 shows that both the undergraduate and postgraduate participants remembered more for hot than warm tasks and more for warm tasks than cold. The researchers were the only group to break this temperature trend. The data demonstrate that the researchers remembered more for warm tasks than for both hot and cold. This finding suggests that even though the researchers performed more cold tasks than the other groups, this is unlikely to be the reason that the researchers remembered less generally.
To summarize, the data indicate that the recollections differed across the three groups of participants. The researchers seemed to remember different properties about their emails than the post and undergraduate student groups-usually remembering less. However, the researchers were able to remember other recipients of an email more often than the other groups.
Did the Filing Strategy Employed Influence What the Participants Remembered?
This section examines the recollection data with respect to the three filing groups: no-filers, frequent filers, and spring-cleaners. Only the undergraduate participants and the researchers were included in these analyses. The postgraduate group was discounted because almost the entire group employed a no-filing strategy and including them would have imbalanced the study. There was a reasonable balance in the filing strategies employed by the undergraduate and researcher participants (see Table I ), meaning that a fair comparison could be made. Table VI shows the email properties of the groups of users employing different filing strategies. The data (Table VII) show that, of the three filing groups, the group that remembered most were the no-filers. On average, the no-filers remembered more than the spring-cleaners and the spring-cleaners remembered more than the filers. When the recollections are analyzed for the different attributes (see Figure 7) , nearly every attribute follows this pattern. The only attribute that did not was the "other recipients" attribute. In this case all three groups seemed to remember with similar frequency (no-filers = 53.7%, spring-cleaners = 55.6% and frequent filers = 50.0%), but again the frequent filers had the lowest percentage.
Another pattern observed in the data was that the participants who employed a frequent filing strategy had access to temporal information very infrequently compared to the other groups. This is clearly shown in Figure 7 . Thus, the data indicate that the filing strategy that the participants employed influenced what and how much they remembered about their emails. The evidence seems to favor Mander's argument that employing a no-filing strategy leads to remembering more about the information in one's collection.
This section has examined what the participants remembered in the scenarios outlined by our review of psychology literature in Section 2.3. It has been demonstrated that the attributes that our participants remembered seemed to change depending on the temperature of the task, the type of task, the type of user and the filing strategy of the user. However, the problem with the approach we have taken so far is that there are other variables that may be influencing the data. In the following section we examine the data statistically to account for these variables and determine the factors that had the greatest influence on whether or not the participants remembered particular attributes.
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FACTORS INFLUENCING WHETHER THE ATTRIBUTES WERE REMEMBERED
Four logistic regression models were developed to determine whether any factors were associated with each of the four principal memory attributes; when sent, sender, topic and reason sent. All available factors (19 in total) collated from the user study were analyzed initially using a stepwise procedure in order to isolate any significant relationships. The stepwise procedure enters and removes factors at each step assessing the overall goodness of fit of the linear regression model (McCullagh and Nelder [1989] provide an overview on generalized linear models and the stepwise procedure). Following this initial investigation, we considered specific factors of interest (collection size, user group, temperature, experience, task type, and filing strategy) alongside those factors included in the model during the stepwise procedure. The reasoning behind this decision was that automatic model building procedures can be erroneous as they do not consider the real world importance of each factor. Therefore, the final models presented for each memory attribute also included those factors believed to be important prior to investigation (based on our analyses in Section 4). These factors were entered into the model to assess both their effect (if any) on the memory attribute in question and also the relationship between these factors and the other remaining variables found to be significant. The models are presented in Tables VIII to XI and the effect plots for the models are shown in Figures 8 to 10 . 4 For each model, the regression coefficient, p-value, odds ratio and associated 95% confidence interval are presented for all factors included. In the effect plots the solid line represents the probability of a user from the sample answering yes irrespective of the factor. Therefore, if the factor level is above the line this represents a positive effect and vice versa.
The analyses in Section 4.3 indicated that the participants tended to demonstrate poorer recollection when the information they were looking for had not been accessed for longer time periods. The models in this section show that even when other factors are considered, the temperature of the task still had an influence on whether or not attributes were remembered, with this variable featuring in the models for the "when sent," "sender," and "reason sent" attributes. However, it was only in the "sender" model that the influence of the task temperature was significant (p < 0.01, OR = 14.68, 95%CI = [3.16, 68.32] from Table IX) . 5 The other models had significant values for the variable, but only on the range category which was associated with multi-item tasks. This makes sense because when completing tasks that were categorised as "range," there was no precise date to remember as the messages containing the important information were received at different periods of time. Further, as the "reason sent" model shows, multi-item tasks required messages to be found that were sent for different reasons. Nevertheless, the models show that the more time elapsed between accessing and reaccessing an email, the less likely the participants were to remember the sender of the email.
The analyses in Section 4.5 demonstrated differences in the patterns of recollection across the three participant groups in the study. However, the user group variable only featured in one of the logistic regression models ("when sent") and even in this model its influence was not significant (p = 0.07). In Section 4.5 we suggested that the size of the researchers' collections could be one explanation for the different recollections offered by the participant groups.
There is evidence for this in the models, but only for the "sender" attribute (p = 0.045). This indicates that participants with larger collections were statistically less likely to remember the sender of an email. Further, also relating to the properties of the different filing groups, the model for the "when sent" attribute shows that the experience of the user was a significant factor in determining whether this attribute would be remembered (p = 0.02). According to the data, the participants with greater experience were more likely to remember when a sought-after email was sent. Thus, the data show that some of the properties that the different user groups exhibited affected what they were able to remember. Participants with larger collections were less likely to remember who sent an email, while participants with greater refinding experience were more likely to remember when an email was sent.
• 21:27 Fig. 9 . Main effects plot for "sender" attribute. The models also confirm the influence that the participants' filing strategy had on what they were able to remember. Both the "when sent" (p = 0.01) and "reason sent"(p = 0.02) models show that the filing strategy employed significantly influenced the probability that these attributes would be remembered. According to these models, participants who reported filing their emails regularly were less likely to remember when an email was sent or the reason that the email was sent. However, the models show no difference in the recollections of the participants with no-filing and spring-cleaning strategies.
The only factor from our analyses in Section 4 that did not feature in the models was the type of task performed. This factor was outweighed by the others in the models. However, we did find another factor that was not identified in our previous analyses. The "reason sent" model shows that the preferred form of refinding had an effect on what was recalled (p = 0.01). This model shows that participants who reported preferring to use a search interface when refinding were less likely to remember the reason that an email was sent than those who reported no preference for either searching or browsing. This suggests that the finding strategy that a user employs impacts on what he will remember about his emails.
To summarize, this section has presented logistic regression models for each of the four principal remembered attributes. The models show that task temperature, re-finding experience, size of collection, filing strategy and preferred refinding technique all influenced the attributes that the participants remembered.
LIMITATIONS
Before discussing the implications of our findings, it is important to acknowledge the limitations of the work. Our study relates to memory for email refinding, and the findings should only be considered in this context. A limitation of the work is that our study population consisted purely of computer scientists and computer science students and investigated their memories for tasks that revolved around work-based activities. Although computer scientists may not be representative of all email users, we argue that our results are generalizable, at least to some extent, for a number of reasons. Firstly, we included a group of users (the postgraduates) who had only recently started their course and who did not have a computer science background. These participants mainly had low levels of computer literacy and limited experience with email. Secondly, although we only examined refinding tasks that were based on work and not leisure activities, we did examine each of the three categories of email refinding tasks that previous work had shown users to complete in both work and leisure scenarios . Also relating to the demographics of the study population, as mentioned in Section 3.1, the participants in our study had far fewer emails in their collections than had been reported in previous studies. Nevertheless, we do not feel this detracts from the usefulness of our findings because regardless of the quantities of emails in the collections, the study analyzed real users, performing realistic refinding tasks, on their own collections.
Regarding the creation of experimental tasks, great care was taken to learn about the contents of the participants' collections as well as the kind of refinding tasks they perform. The process involved recording real tasks that users in these groups performed and using these tasks as a template to create experimental tasks. It should be noted, however, that when asking a participant to perform a refinding task it is necessary to tell the participant something about the information he should find before he can refind it. This will undoubtedly affect the findings. However, again, great care was taken in the wording of the experimental tasks to minimize the effect. For example, rather than using phraseology that formed part of the textual content of the email, we chose wordings that would accurately communicate the information need, without providing keywords in the email text. For example, in task A2, rather than ask the participants to find information about the "MSDN academic alliance," we asked them to find information about how they would go about getting free software from Microsoft through the university. Of course we were not always privy to the wording of emails, so in many cases we created a context where information would be required without mentioning details about the email, for example, task A3. We also tried to limit the amount of named entities in the task descriptions. Further, the tasks were read aloud to the participants so that they were not assisted with spelling, nor could they refer back to the text again during the task.
Another limitation of our work is the number of variables present in the study. As noted above, other researchers have acknowledged the difficulties in performing PIM evaluations and one of the main challenges is controlling the variables present in experimental designs. In this study we have attempted to control the variables as much as possible through rotating the types of task performed and the experimental system used around the participants. However, we concede that there are many variables that we were not able to control including the temperature of the task, the frequency with which the users perform that kind of task, the filing strategy of the users, the collection size of the user, and the difficulty of the task. Nevertheless, the way that the data were analyzed, particularly in Section 5, accounted for the uncontrolled variables, allowing us to isolate the factors that had an influence on the attributes that the participants remembered.
We would also like to mention limitations regarding the methods that were used to establish what the participants remembered. Firstly, we discuss the limitations with regards to our high-level analysis where we asked participants if they could remember if the information they required was in their collection. As it turned out, the majority of the assigned tasks involved finding information that was in the participants' collections. This may have added a bias to the findings because, as the required information was generally in the collections this may have led to the participants guessing that all of the tasks were such. However, we do not think the results were particularly biased, and we think they tell us something useful about what the participants remembered. We make this claim for a number of reasons. First the participants were not informed about how the tasks were created. All they knew was that the experimenter had no prior access to their email collections to create tasks and could not be sure that any information was in their collection. Secondly, many of the tasks made reference to an information need and did not specify what email would solve this need, relying instead on the participant making the connection between the task and the email(s) required. Indeed, sometimes different participants solved the same task using different email(s). Thirdly, we as experimenters had no idea if the information would actually be in the collections the participant may have chosen to delete the particular message that solved the task. It was surprising to us that this situation occurred only once, when one of the participant in the researchers group had deleted the email needed to solve the task. A last point we would like mention is that the main outcome of this analysis, that users had good recollection for their emails, was endorsed by later analyses, as well as the participants' behavior while completing tasks.
Regarding the methodology used to discover the attributes of email messages that were remembered, we asked the participants what they were able to remember retrospectively, after they completed each task. The reason for this was that our experiment was primarily designed to be a system evaluation and we did not wish to influence the participants' refinding behaviour by asking them about their memories before they performed each task. However, this means that we did not record what the participants remembered, rather what they thought they remembered. It also means that the process of refinding and the information that they saw during the completion of the task may have subconsciously influenced what the participants believed they remembered. Again, however, we took steps to address this potential bias. During the completion of the task the participant voiced their thoughts aloud. This gave the experimenter some idea of what was remembered before the task and what was learned (or cued) during the task. In the retrospective questioning the experimenter was able to check with the participant when doubt arose. Nevertheless, the participants were generally good at determining what information they remembered and what information was cued, and this information was communicated as part of the flow of conversation between the experimenter and the participant.
DISCUSSION
In this article we have presented a study of the recollections people have when refinding email messages. We studied memories by using a memory questionnaire-a recognised technique from the field of cognitive psychologywhile participants performed assigned tasks on their own collections. The aim of the study was to understand the role that memory plays in email refinding and to better inform the design of email refinding tools.
There were several outcomes to our work. It was discovered that:
-the participants generally demonstrated good abilities to remember their emails. -the most frequently remembered attributes were semantic-based (the topic of the email and the reason the email was sent) -the attributes that tended to be remembered changed in different scenarios -the temperature of the task, the filing strategy of the participant, the participant's experience, the size of their collection, and their preferred method of refinding all had an influence on the attributes that were remembered.
Below we summarize these findings and discuss what they mean in the context of designing refinding systems and in terms of future work.
Overall, the data indicate that the participants generally had quite good recollections of their email messages and the information they were required to find. In Section 4.1 it was discovered that the participants generally remembered whether or not the information they needed to solve the task was contained within their collection. This is an important finding because it means that the participants were looking for information that they would conceivably search their emails for and that they would have been able to recognize the information when they found it. The fact that they remembered which information would solve the information needs we supplied also hints at the capabilities of recollection for emails. It was also noted in Section 4.2 that the participants typically remembered multiple attributes about the messages they were required to find. This means, in theory at least, that in the majority of tasks, they would have had options regarding how to approach the refind task.
Despite these positive indicators about the participants' overall recollection, there were also situations where the participants remembered less. Therefore, it is important that refinding tools account for this and support the attributes that are likely to be remembered. This finding is similar to that of Kalnikaité and Whittaker [2007] , who examined how people use memory prosthetics and discovered that for memory prosthetics to be successful they need to work in synergy with the user's memory. According to our results the most frequently remembered attributes were semantic-based. The topic of the email was remembered in 85.1% of tasks messages and the reason the email was sent was remembered in 80.9% of tasks. This suggests that organizations based on the topic of would best support the recollections of our participants. These findings also seem to endorse task-based [Gwizdka 2002; Bellotti et al. 2003 ] and projectbased [Jones et al. 2005] approaches, rather than temporal [Ringel et al. 2003; Freeman and Gelernter 1996; Lansdale and Edmonds 1992] or people-based approaches [Whittaker et al. 2002] . Our data indicate that focusing support on temporal memories is probably unwise for email refinding. The participants were only able to remember when an email was sent in 57.45% of the tasks and our analyses in Section 5 show that the ability to remember when an email was sent was related to experience. This means that temporal-based approaches are particularly inappropriate for inexperienced users. Similarly our findings discourage organizations based primarily on the sender of the email. Not only was the sender attribute remembered less frequently than the semantic attributes, but our analyses show that recollections of the sender were correlated to the age of the information and the size of collection. Thus, as collection sizes increase and the more time had elapsed since an email was last read, the less likely the user will be to remember the sender of the message. No such relationships were discovered for the other attributes.
The finding that the participants tended to remember different attributes in different situations, however, suggests that relying on one form of memory or one particular organization may not be the best approach. In Section 4 the analyses showed that the participants exhibited different patterns of recollection when completing different types of task, when looking for information of different temperatures, and when they used different filing strategies. This finding advocates flexibility in re-finding tools, where the tool can support the different patterns of recollection associated with various situations. It also endorses the approaches of groups, such as Dumais et al. [2003] , Cutrell et al. [2006] , and who have tried different approaches to increasing the flexibility of refinding tools.
Another, slightly surprising finding was the impact of filing strategy on what the participants remembered. The analyses in Section 4.6 suggested and those in Section 5 confirmed that utilising a frequent filing strategy made the participants less likely to remember attributes about their email messages. This seems to endorse Mander's argument about the reminding function that browsing one's collection performs. The frequent filers seemed to exhibit particularly poor recollections for temporal information. Mander's theory can be extended to offer a potential explanation for this. As emails in the inbox are presented as a temporally ordered list, when spring-cleaners and no-filers interact with their messages residing in their inboxes, they are reminded of the time they were received because they see them in the context of other surrounding messages. Filers, on the other hand, remove this context when they move their messages to other folders. This means that not only do they come in to contact with filed messages less often, but when they do interact with the messages, there is no reminder of the temporal context. Nevertheless, this seems to be a rather paradoxical situation, where those who exert the most effort to keep their information organized actually exhibit the poorest recollection for their emails. However, just because a person remembers more by applying a particular filing strategy, it does not necessarily follow that this is the most effective strategy to use. It is possible that the participants who employed a frequent filing strategy are required to remember less in order to refind because of the quality of their organizations. Previous work seems to indicate that this might be the case. For example, the work of Case [1991] , Cole [1982] , and Kwasnik [1989] all show that people make classificatory choices based on the topic and purpose of documents-the kinds of attributes that our study show that people remember. However, it would be interesting to examine how this impacts on their refinding performance. We will examine the relationship between recollection and refinding performance in our data in a future article. Nevertheless, our findings here suggest that a simple addition to traditional folder-based interfaces may allow filers to experience the benefits of filing, in addition to the increased recollection associated with a no-filing approach. If the user had an option to toggle to a view that showed filed emails in their original context in the inbox, perhaps color-coded to indicate that they had been filed in a particular folder, this may assist their recollection by reminding the user about the email as well as providing a temporal context. We are currently investigating the use of interfaces with this feature and will report on our findings in a future article.
A final point that we wish to discuss relates to the cueing of recollections. In our study it was obvious that the participants remembered far more details about the sought-after information than they actually used in the process of refinding. Similarly, both Blanc-Brude and Scapin [2007] and Gonçalves and Jorge [2004] reported enhanced recollection abilities when cues were provided. This indicates that there may be benefit in employing systems that prompt the participant to use particular attributes when refinding. Cues have been explored in the past, for example, in the work of Lansdale and Simpson [1990] and in . However, it would also be interesting to determine how systems that prompt for different attributes alter the refinding performance of participants. For example, would systems that prompt participants to use more discriminative attributes offer quicker or more efficient refinding? This could be one future avenue of exploration.
CONCLUSIONS AND FUTURE WORK
This article has investigated the attributes that people tend to remember when refinding email messages. We demonstrated that although people generally remember quite a lot about their emails, there are situations in which people remember less and in these situations it may be more difficult to refind the information required with existing tools. We showed that several factors influence how much and what attributes are remembered including: the time that has elapsed since the information was accessed, the experience of the user, the number of emails in the collection and the user's filing strategy. We also outlined some of the implications the findings have for the design of refinding tools.
To build on this work, what is needed is an understanding about how recollection relates to refinding performance and how different types of refinding tools support the patterns of recollection observed here. Answers to these questions would provide good insight into how new refinding tools should be designed. In a follow-up article, we analyze the findings of this study with these aims in mind. First we examine the performance data irrespective of the systems used to establish the importance of memory in refinding. Then, we explore how each of the three systems used facilitated refinding of information based on what the participants remembered and look at which features of the interfaces assisted in which situations and why.
